ardized for other factors, such as cigarette smoking, or for having shown only that the distribution by smoking habits of the groups being compared was similar. In 1956 I, for example, showed that the prevalence of chronic bronchitis in a group of coal miners aged 45-64 in the USA was 33 5 % compared with 11 3 and 12-2% in two control groups ofnon-miners. In this survey it was found that the coal miners smoked considerably less than the other two groups but standardization for smoking was not carried out. Similarly Higgins et al. (1956) showed in Leigh that 'miners and ex-miners had significantly more "chronic bronchitis" and a lower ventilatory capacity than men who had never worked in the mines' and that the differences could not be attributed to smoking habits because the distribution by smoking habits was the same in miners and non-miners. In a study in Staveley, Higgins et al. (1959) showed that miners and ex-miners had a higher prevalence of bronchitis (not statistically significant) than workers in non-dusty jobs. Comparison of the occupational groups after standardization for cigarette smoking was not reported in this study and it is possible that differences in smoking habits may have obscured a more marked difference in respiratory symptoms between miners and non-miners. The study did, however, confirm the importance of smoking as a cause of chronic bronchitis in the whole group.
In a later study of respiratory symptoms in miners and non-miners, in the Rhondda Fach, Higgins & Cochrane (1961) , showed that between the ages of 35 and 64 the prevalence of bronchitis was three to four times as high in miners as in non-miners and that this order of difference remained after standardization for smoking. Sluis-Cremer et al. (1967) have shown that bronchitis is significantly higher in gold miners than in those not exposed to dust in the mines in all smoking categories except non-smokers.
Conclusion
The data for flax spinners presented here indicate that the inhalation of flax dust can cause chronic bronchitis. It would seem unwise to assume that the dust inhaled in the course of other dusty occupations such as cotton spinning and coal mining is not of etiological importance in chronic bronchitis in the light of all the epidemiological evidence that exists supporting this view. 
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Chronic Bronchitis and Occupation
Like all the major disabling and killing diseases of middle and late life, chronic bronchitis is the result of the interplay of genetic factors and many years of exposure to a complex and interrelated mixture of environmental influences. These influences include cigarette smoking, recurrent respiratory infection, atmospheric pollution and a low standard of living, as well as occupation.
The evidence linking occupation and chronic bronchitis is convincing. But because of the relation the work a man does both to his standard of living and to the degree of urban atmospheric pollution to which he is exposed, and because of the overriding importance of cigarette smoking, the evidence is far from straightforward. Indeed, the report of the special committee of the Medical Research Council (1966) set up to examine that evidence produced a series of letters in the correspondence columns of the British Medical Journal in which the writers expressed with nineteenth century vehemence their disagreement with the Council's interpretation of it. In this paper I shall present data to suggest that the report of the MRC committee was indeed too cautious and in one respect was certainly misleading.
Occupational Mortality Part II of the Registrar General's Decennial Supplement on the Census of 1951 still remains the principal source of information about occupational mortality (Registrar General 1958). In Table 1 the eight occupations with the highest are compared with the eight occupations with the lowest standardized mortality ratios for bronchitis, as given in that publication. (The SMR expresses the actual number of deaths in a given occupation as a percentage of the number which would have occurred if the men in that occupation had died at the same rate, age for age, as all men of working age in the general population.) Filers, metal spinners, file cutters, edge tool grinders, galvanizers, tinners, riveters and caulkers are all subject to a mortality from bronchitis Bankers, bank and insurance 28 I managers which is more than twice the national averageand all are exposed to an excess of dust, fumes or gases at their place of work. But the nature of the eight occupations with the lowest SMRs indicates the need for caution in the interpretation of such data. Clergymen, teachers, doctors and lawyers have a mortality ratio that is less than one-third of the national average. But their educational and social backgrounds (they are all from Social Classes I and II) are very different from those in the occupations with the highest SMRs (Social Classes III and IV), and much of the difference in mortality could well be due not to occupation but to less specific socio-economic factors.
However, from the Registrar General's data it is possible to examine bronchitis mortality in a socially more homogeneous group of occupations. Table 2 shows the eight highest and eight lowest Below ground in the coal mines mortality from bronchitis also seems to be related to degree of exposure to coal dust, as measured by working distance from the coal face (Table 3) : for coal face getters and loaders the SMR is 200, for those conveying material to the shaft it is 117, while for those repairing and maintaining roads it is 52. The men developing workings in rock (hard heading) occupy an anomalous position in that although they are exposed during their work to dust concentrations almost as high as those at the coal face, their SMR for bronchitis is only 90. It may be that rock dust is less productive of bronchitis than coal dust, but it must also be remembered that when the need for dust suppression below ground became generally accepted, efforts were at first focused almost exclusively on the hard headings.
Mortality ofMarried Women A statement made by the Registrar General in the Decennial Supplement has often been quoted (and was repeated once again by the subcommittee of the MRC) as good evidence that occupation is unlikely to play a major role in the etiology of chronic bronchitis: 'Mortality from bronchitis in men and single women was almost six times as high among the unskilled manual worker of Group 12 as among farmers (Group 1) and professional people (Group 3 and 4). It is evident, though, from similar tendencies displayed by married women (classified by husband's occupa- than for married women. More specifically the difference in mortality between miners and women married to miners is 566 per million, three times the difference (172) between agricultural workers and their wives. If it is assumed, as seems reasonable, that much of the difference between agricultural workers and their wives is due to smoking habits and genetic sex (the difference between men and married women in Social Class I and II is of much the same order), it is difficult to avoid the conclusion that the much greater difference between miners and their wives must be due to occupation.
This conclusion is strengthened by an inspection of the SMRs of miners working below ground and of their wives (Table 5) . Women married to men working at the face have much the same mortality from bronchitis as women married to men below ground but not at the coal face, and for both groups of women that mortality is almost twice the national average for all married women, a measure of the importance of socio-economic factors. But the SMR for coal face getters and loaders is twice that of others working below ground away from the coal face, a clear indication of the adverse effect of exposure to high atmospheric concentrations of coal dust.
Mortality data certainly do not support the conclusion drawn by the subcommittee of the MRC that 'the evidence so far does not point to the inhalation of dust as being a major factor in causing bronchitis'.
Occupational Morbidity
So far the only comprehensive national study of occupational morbidity is the Enquiry into the Incidence of Incapacity for Work carried out by the Ministry of Pensions and National Insurance (1965) . The report indicates that rates of incapacity attributed to bronchitis follow much the same tion) that these large differences in mortality owe little to direct occupational effects, and must be attributed to more general socio-economic or environmental factors'. One can only say of this statement, as Bradford Hill said in another context, 'it is neither good statistics nor good science, but it is undoubtedly good red herring'. That the SMR for married women shows much the same social class gradient as the SMR for men certainly indicates that socioeconomic circumstances are important in the etiology of bronchitis; but it tells us nothing about the possible contribution of occupation to male mortality rates. The SMR for married women is a ratio calculated from female mortality rates and the SMR for men is a ratio calculated from the quite different male mortality rates, and the two are not comparable. How misleading such a comparison can be becomes obvious when SMRs and the corresponding age-standardized mortality rates are placed side by side (Fig 1) . Men of Social Class I have a mortality rate that is 125 per million higher than married women of the same social class (Table 4) ; for Social Class V the mortality rate for men is 650 per million higher occupational pattern as the Registrar General's mortality rates in that they are considerably higher for the heavy and atmospherically polluted jobs than for the lighter and relatively clean jobs. However, the many field studies which have attempted to quantify the relation between degree of exposure to occupational dust and prevalence of bronchitis in specific occupations have, on the whole, not been very successful. It is true that Schilling and his co-workers have convincingly demonstrated the adverse effect of dust concentration upon respiratory symptomatology and lung function in the cotton industry, and that Elwood et al. (1965) have done the same for flax spinners in Northern Ireland. And there is no doubt that miners and ex-miners have significantly more 'chronic bronchitis' and a lower ventilatory capacity than non-miners of comparable age and social circumstances living in the same area (Carpenter et al. 1956 , Pemberton 1956 ). But, despite many careful studies of coal miners, it has not been possible to show more than a moderate association between respiratory symptomatology and increasing dust dosage, at least as measured by the admittedly not very sensitive index of length of time spent at the coal face , Higgins et al. 1959 , Higgins & Cochrane 1961 ). On these grounds the MRC subcommittee concluded that 'whereas the inhalation of dust in miners is known to be the cause of pneumoconiosis, the evidence so far does not point to the inhalation of dust as being a major factor in causing bronchitis'. But, as we have seen, mortality data suggest that this is probably untrue. The explanation for the unsatisfactory results of field studies may be in part that, unless large numbers of men are examined, the relation between respiratory symptomatology and number of years spent at the coal face is hidden by the overriding influences of age and smoking habits. It also seems possible that the concurrent association between dust dosage and pneumoconiosis may be obscuring the picture in some as yet undetermined way (Rogan et al. 1961) .
Some years ago it occurred to me that the large number of steelworkers in South Wales offered an unusual opportunity to study the question of whether or not occupation makes a substantial contribution to the incidence of chronic bronchitis; for in a steelworks there are many occupations in which the employees are exposed to very high concentrations of dust and sulphur dioxide with little or no pneumoconiosis hazard. With the financial support of the Nuffield Foundation a study of the prevalence and progression of respiratory disability among the men employed in two large steel works is now being undertaken from my department. Data about the respiratory symptoms, ventilatory capacity, phy- O, never smoked. Current smokers: 1, 1-14; 2, 15-24; 3, 25 or more cigarettes a day sique, smoking habits and occupational and social histories of more than 9,000 men in a steel works at Ebbw Vale and nearly I11,000 men in a steel works at Port Talbot have been collected and a comprehensive study of atmospheric pollution throughout the two works and in the towns where the men live is in progress. A pilot analysis of data from Ebbw Vale has uncovered an interesting facet of the problem of the relation between atmospheric pollution at place of work and the prevalence of chronic bronchitis which is relevant to the present discussion.
As would be expected the data underline and provide a measure of the well-recognized importance of age and smoking habits. For the purposes of the preliminary analysis we have defined 'chronic bronchitis' from the MRC questionnaire as persistent cough and sputum, with sickness absence due to chest illness and/or dyspneea. For each age-group chronic bronchitis was about three times more conumon among men who smoked 25 or more cigarettes a day than among those who had never smoked (Fig 2) . While for nonsmoke'rs and for each of three smoking categories the prevalence was about three times greater for men aged 50-59 years than for men under 30 years of age. The need for occupational subgroups large enough to permit standardization for both age and smoking habits is obvious. In most comparable studies these have not been available.
In Table 6 the age-standardized prevalence of chronic bronchitis has been calculated, for nonsmokers and current smokers separately, for each of the twelve works departments with a staff of more than 200 men. The standards used are the age-specific chronic bronchitis rates for all men in the works. For smokers the prevalence ranged There was a clear, althoughnot entirely consistent, relationship between the prevalence of bronchitis in a department and the mean dust levels to which smokers in that department were exposed. For example, around the blast furnaces and in the open hearth department the mean total dust concentrations were 7-3 and 4-6 mg/m3; while in the electrical shop and hot sheet finishing department they were less than 1 mg/m3. The relation between prevalence of bronchitis and exposure to sulphur dioxide appeared to be much less regular.
In every department, again as would be expected, the nonsmokers were less subject to chronic bronchitis than their smoking workmates. Unexpectedly, however, the relation between the degree of atmospheric pollution in a department and the amount of chronic bronchitis in that department was much less obvious for nonsmokers than for smokers. And this, despite the fact that the concentration of pollutants in some departments was many times higher than that found in the atmosphere of our industrial cities during the winter months. (The mean concentration of sulphur dioxide around the blast furnaces was more than 2,000 ,ug/m3; the mean concentration for the six wintermonths in Birmingham rarely rises much above 300 or in London much above 450,ug.) The explanation for this observation may in part be that in our preliminary analysis we have not standardized for the different amounts of tobacco smoked by the smokers. It is unlikely to be the whole explanation. For smokers the correlations between departmental prevalence of chronic bronchitis and mean dust and sulphur dioxide levels were +0-52 and +0 39, but for nonsmokers they were at the much lower levels of +0-20 and +0-14 (Table 7) . It seems possible that smoking and atmospheric pollution at place of work are acting synergistically, the effect of the two together being considerably more harmful than the effect of either separately.
Conclusions
For some, and perhaps for many men, atmospheric pollution at place of work is undoubtedly an important factor in the oetiology of chronic bronchitis. From mortality data there is convincing evidence and from field surveys rather less satisfactory evidence that, other things being equal (in particular smoking habits and general standard of living), this disabling and killing disease is more than twice as common in occupations which involve exposure to heavy concentrations of dust (notably work at the coal face, in iron and steel foundries, in cotton and flax spinning and in steel making) than it is in cleaner occupations. It also seems possible that nonsmokers are much less likely to be affected by exposure to dust at work than smokers.
There are, of course, many other factors in the etiology of chronic bronchitis and for this reason it is rarely possible to estimate with any confidence how much of a particular man's bronchitis is due to his work. This difficulty lies at the root of the controversy about compensation. As Cochrane (1967) has rightly pointed out, the only satisfactory solution is to remove the National Insurance (Industrial Injuries) Act from the Statute Book and to increase benefits under the National Insurance Act for long-term sickness, from whatever cause.
